Context. Strong lens candidates have been newly identified within the COSMOS field. We present VLT/FORS1 spectroscopic followup observations and HST/WFPC2 imaging of the system COSMOS 5921+0638, which exhibits quadruply lensed images and a perfect Einstein ring. Aims. We investigate the nature of COSMOS 5921+0638 by studying its photometric, spectroscopic and physical properties. Methods. By analyzing our VLT/FORS1 spectroscopy and Subaru/CFHT/HST imaging of COSMOS 5921+0638, we completed both an environmental analysis and detailed analytical and grid-based mass modeling to determine it properties. Results. We measured the redshifts of the lensing galaxy in COSMOS 5921+0638 (z l =0.551±0.001) and 9 additional galaxies in the field (5 of them at z∼0.35). The redshift of the lensed source was inferred by identifying a candidate Lyα line at z s =3.14±0.05. The mass modeling reveals the requirement of a small external shear (γ=0.038), which is slightly larger than the lensing contribution expected by galaxy groups along the line-of-sight obtained from the zCOSMOS optical group catalog (κ groups ∼0.01 and γ groups ∼0.005). The estimated time-delays between the different images are of the order of hours to half a week and the total magnification of the background source is µ≈150. The measured mass-to-light ratio of the lensing galaxy within the Einstein ring is M/L B ≈8.5±1.6. Anomalies are observed between the measured and expected flux ratios of the images of the background AGN. Conclusions. Our analysis indicates that the ring and point-like structures in COSMOS 5921+0638 consist of a lensed high redshift galaxy hosting a low luminosity AGN (LLAGN). The observed flux ratio anomalies are probably due to microlensing by stars in the lensing galaxy and/or a combination of static phenomena. Multi-epoch, multi-band space-based observations would allow us to differentiate between the possible causes of these anomalies, since static and/or dynamic variations could be identified. Because of its short time-delays and the possibility of microlensing, COSMOS 5921+0638 is a promising laboratory for future studies of LLAGNs.
Introduction
Gravitationally lensed quasars are powerful observational tools in cosmology. The intrinsic variability of AGNs, provides a way to measure the time-delays between multiple quasar images (an updated list of lensed quasars' time-delays was established by Oguri 2007) . By coupling these measurements with theoretical models for the lensing potential, the Hubble constant (H 0 ) can be derived (Refsdal 1964) . They allow us to investigate the amount and distribution of matter in lensing galaxies regardless of whether the matter is luminous or not. This property ensures that lensed quasars are ideal laboratories for probing for the dark matter distribution and dark matter substructures in and around lensing galaxies (Mao & Schneider 1998 Trott et al. 2008 ). Furthermore, the natural magnification of background sources offers a means of studying the properties of objects in the high redshift universe. In particular, if lensed AGN images are affected by brightness fluctuations produced by individual stars in lensing galaxies (microlensing), the inner structure (i.e., milliparsec scales) of the AGN accretion disks can be probed (Wambsganss et al. 1990; Yonehara et al. 1999; Kochanek 2004; Anguita et al. 2008b; Eigenbrod et al. 2008) .
Strong lens samples (e.g., Myers & The Class Collaboration 2001; Fassnacht et al. 2004; Cabanac et al. 2007; Bolton et al. 2008; Inada et al. 2008; Faure et al. 2008 ) allow us to study in a statistical way the properties of lensing galaxies (Treu et al. 2009 ) and the possible contribution of the environment to the formation of the lens (Oguri et al. 2005; Dobke et al. 2007; Faure et al. 2009b) . To fully understand the properties of a lens sample, we need measure the redshift of the lenses and sources, probe their environments and model the mass potential of each lens system. Faure et al. (2008) , presented a sample of 67 new strong lens candidates discovered by visual inspection of bright/early type galaxies with photometric redshifts <1.0 in the COSMOS field. Because of the selection method, the sample potentially contains systems with exceptional individual properties. In this paper, we study one of these lens candidate systems: COSMOS 5921+0638 (RA=09 h 59 min 21.7 s , DEC=+02
• 06 ′ 38 ′′ ). The system consists of four point-like objects that lie on top of a perfect ring around an early-type galaxy. According to the best-fit spectral energy distribution, a photometric redshift of z phot l
=0.45±
0.03 0.05 , was inferred (Faure et al. 2008) . The morphology of the system suggests that it is a lensed AGN, the ring having been formed by the AGN's host galaxy, similar to that shown by RXSJ 1131-1231 (Sluse et al. 2003) or PG 1115+080 (Impey et al. 1998) .
We organize the paper as follows. In Sect. 2, we present the large imaging and spectroscopic datasets. In Sect. 3, we analyze the nature of the system using information from all these datasets. The astrometry and photometry of the objects in the system obtained from light profile fitting procedures and techniques are presented in Sect. 4. In Sect. 5, we analyze the environment both around and along the line-of-sight to COSMOS 5921+0638. By using all the information gathered in the previous sections, in Sect. 6 we present mass models of the system, and in Sect. 7 we consider the different phenomena that can cause the observed flux ratio anomalies between the lensed images. Throughout the paper, we assume a flat cosmology with Ω M =0.3 and H 0 =70 km s −1 Mpc −1 . All magnitudes are given in the AB system.
Imaging and spectroscopic dataset

Imaging dataset from ground and space
The COSMOS field (Scoville et al. 2007 ) is a square field with 1.4 degrees side length (∼2 square degrees). It was selected to be close to the celestial equator in a region with minimum extinction by dust in our galaxy (<E (B−V) >⋍ 0.02 mag), ensuring maximum observability and high observation depths. It has been observed using multi-band imaging from space and Earth. Thus, we have access to data of broad wavelength coverage for COSMOS 5921+0638 and its neighborhood. Among these, the system was observed with the Subaru and CFHT ground based telescopes in the B, V, r+, i+, z+ and u ⋆ bands (data described in detail by Capak et al. 2007) . From the Hubble Treasury programs (Scoville et al. 2007 ), we have HST/ACS observations in the F814W band (the data reduction process is described in Koekemoer et al. 2007 ). Additionally, we have access to WFPC2 F606W exposures of the system (HST proposal id: 11289, PI: Kneib); part of the Strong Lensing Legacy Survey (SL2S, Cabanac et al. 2007) , where the system was also serendipitously found. In Fig. 1 , we display the HST exposures of the system with the chosen naming scheme for the point-like images (A to D, clockwise from the east-most image), which is used hereafter. In Fig. 2 we show the CFHT and Subaru exposures. Even though the system was observed in both the radio (1.4GHz VLA-COSMOS, Schinnerer et al. 2007 ) and Xray (XMM/Newton-COSMOS, Brusa et al. 2007) , no signal was ′ field around COSMOS 5921+0638. The central lensing galaxy of the system is shown in the center. The galaxies with redshifts from the zCOSMOS catalog are displayed in symbol-coded redshift bins. Galaxies with measured redshifts from the FORS1 observations are labeled and shown with large circles. measured (as already mentioned in Faure et al. 2008) . We summarize the properties of the imaging dataset in Table 1 . Capak et al. (2007) for the ground-based observations and in Koekemoer et al. (2007) 
Spectroscopic dataset
Galaxies in the COSMOS field have been spectroscopically observed as part of the zCOSMOS survey (Lilly et al. 2007) . zCOSMOS is a large redshift survey within the COSMOS field using the VIMOS spectrograph installed at the VLT. The second data release of the survey (zCOSMOS-bright DR2, released in October 2008; Lilly & zCOSMOS Team 2008) , contains ∼10,000 galaxy spectra with associated redshifts. Galaxies in the field around COSMOS 5921+0638 with zCOSMOS redshifts (from the DR2) are displayed in Fig. 3 . Besides the zCOSMOS spectra and redshifts, the fields of 8 of the 67 strong lens candidates presented by Faure et al. (2008) , including COSMOS 5921+0638, were observed with the FORS1 instrument at the VLT in Multi Object Spectroscopy (MOS) mode as part of a follow-up program (PI: Faure, Proposal ID: 077.A-0473(A)). The FORS1 observations around the field of COSMOS 5921+0638 were obtained in April 2006 and are presented in this paper. They comprised a 7 ′ ×7 ′ field centered on COSMOS 5921+0638 with the 150I grism (wavelength coverage: [3300 -6500]Å, resolution: 5.54Å/pixel), with a total exposure time of 1800s. The standard CCD reduction and the spectra extraction was completed using pipeline recipes provided by ESO 1 . The flux calibration was done using the long-slit spec- trum of the LTT4816 standard star and iraf 2 routines. In Fig. 4 , we display the position of the central MOS slit, placed on top of the system: its goal was to measure the redshift of the central galaxy, as well as obtain signal from the close north-east pointlike objects.
The nature of the system
The lens nature of an object is confirmed with the fulfillment of different steps, such as the corroboration of the appropriate number, relative brightness, and configuration of the candidate lensed images. The first step is, naturally, the confirmation of the lineof-sight alignment of the foreground "lens" and the background "source" with the observer by means of redshift measurements. However, in some cases, these can be difficult to confirm (for an extended discussion see Marshall et al. 2009 ). For instance, the lens or the multiple images of a source can be too faint, making it difficult to acquire the spectroscopy required to measure their redshifts and corroborate that the candidate lens and source are foreground and background objects, respectively. This is precisely the case for COSMOS 5921+0638: the point-like images are very faint in comparison to the lensing galaxy (see Sect. 4). Nevertheless, an ensemble of evidence allow us to infer the gravitational lens nature of the system.
The multi-band images
The distribution of the point-like images around the central galaxy shows a typical strong lens configuration: a pair of close 2 iraf is distributed by the National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy (AURA) under cooperative agreement with the National Science Foundation. images (A and B) and two images spread toward north (C) and south-west (D), similar to the configuration of the lensed quasars PG1115+080 (Schechter et al. 1997) , MG0414+0534 (Hewitt et al. 1992) , and WFI J2033-4723 (Morgan et al. 2004) . Moreover, the point-like shape of the images suggests that the background source is an AGN. This hypothesis is also supported by the HST images, where a smooth structure forming a perfect Einstein ring below the point-like images, can be interpreted as emission from the host galaxy of the AGN. Based on this interpretation, we expect the point-like images to exhibit typical AGN emission lines such as Lyα (λ=1215Å) or CIV (λ=1539Å).
As shown in Fig. 2 , the point-like structures have very similar wavelength dependence. In the CFHT/Megacam u ⋆ band images (limiting magnitude=26.4, central wavelength=3797Å), where there should be very low contamination by the central galaxy (based on the photometric redshift z∼0.5, the 4000Å break should be at ∼6000Å), we are also unable to detect emission from the point-like images. The multiple images become visible in the Subaru/Suprime camera B band frames (limiting magnitude=27.4, central wavelength=4459Å), where their brightness is comparable to that of the galaxy. Toward longer wavelengths, their light becomes rapidly contaminated by that of the galaxy. This behavior suggests that the point-like images are related to each other. Furthermore, it provides by itself an estimate of the redshift of the source, by a criterion similar to that present in the Lyman break technique (e.g., Giavalisco 1998) used to detect high-redshift star-forming galaxies. Assuming that our background source is an AGN, which are Lyα emitters, we can classify it as a u ⋆ "drop-out". Thus, we can set the location of the Lyman break + Lyα line longwards of the u ⋆ band central wavelength, which provides a lower limit to the redshift of the background AGN of z≈3.
The FORS1 spectra
From the slit covering a large portion of the system (see Fig. 4 ), we obtain a single spectrum. Even though it contains emission from both the point-like objects and the central galaxy, the observed spectrum is consistent with a typical early type galaxy SED at a redshift of z=0.551±0.001 (see Fig. 5 ). This value was derived using the CaII H, CaII K, G, Hγ, and Mgb absorption lines.
Although the slit of the FORS1 observations on top of the system was aligned so as to contain three of the point-like objects (see Fig. 4 ), at first sight no emission line from any of them Fig. 6 : The COSMOS 5921+0638 central galaxy spectrum. Top: elliptical template spectrum. Middle: measured spectrum of the lensing galaxy + point-like images. Bottom: difference between the two spectra. The thick gray lines show the continua used to scale the respective spectra prior to subtraction. The difference spectrum shows an evident residual feature at around 5050 Å that we interpret as Lyα at z=3.14. Shaded areas denote regions of strong sky emission or absorption. is seen. The single spectrum that could be extracted is highly contaminated by the much brighter galaxy in the spectral range. However, when subtracting a scaled elliptical-galaxy template spectrum (Kinney et al. 1996) from the observed spectrum (see Fig. 6 ), a small feature is observed at 5050Å. We note, however, that the detection significance of this feature depends on the template selected for the subtraction.
The asymmetric shape of this feature suggests that it is Lyα emission. Furthermore, since the galaxy is brighter than the AGN, especially at longer wavelengths, and because of the photometric u ⋆ drop-out criterion, we infer that Lyα is the only emission line that could be seen. The Lyα line is in general brighter than other broad emission lines and is located (in this case) at observed wavelengths corresponding to the fainter part of the galaxy's spectrum, thus, is less contaminated by the galaxy light. This line yields a redshift for the point-like images of z=3.14±0.05. This redshift is assigned by the single line and the error determined by its width.
From the spectra obtained from the remaining slits of the FORS1 observations, we derived the redshifts of 9 additional galaxies in the ∼7 ′ (or ∼2.7 Mpc at z=0.55) field around COSMOS 5921+0638. In Fig. 3 and Table 2 , we report the location and redshift of these galaxies, 5 of which are at a similar redshift and relatively close to each other. This probably implies that they are members of a group or cluster of galaxies at z≈0.35.
Our interpretaion of the point-like objects
If COSMOS 5921+0638 is a genuine lensed AGN, as implied by the typical physical configuration of the system (four images of a source, a close pair, an Einstein ring formed by the host galaxy), the u ⋆ drop-out criterion suggests that the redshift should be z 3. The identification of a possible Lyα emission feature using the FORS1 spectrum is evidence that this is indeed the case and that the source is an AGN at a candidate redshift of z s =3.14±0.05.
Astrometry and photometry of the system
A lensing mass model depends mostly on the relative positions of the source images and lensing galaxy. However, other parameters obtained from a quantitative measurement of the light distribution of the objects in the system (e.g., flux ratios, ellipticities, position angles, see for example Faure et al. 2009a ) can also be useful as constraints or as a comparison. It is hence important to accurately measure the astrometry of the objects in the systems and take advantage of the additional information retrieved in the measurement process in order to develop and interpret a reliable mass model of the lens.
For this purpose, we applied the galfit software (Peng et al. 2002) to the WFPC2 (F606W) and ACS (F814W) space-based observations. The software allows us to fit analytical two dimensional light profiles to the objects seen in a given CCD frame, in our case, the four point-like images of the background source and the lensing galaxy.
The PSFs
As an input, galfit requires the point spread function (PSF) of the observations to convolve it with the different analytical profiles. We obtained the PSF model for the WFPC2 observations using tinytim 3 . Because of our conclusion about the nature of the point-like images the PSF was created by assuming a power law continuum with α ν =-0.46 (fit from SDSS quasars; Vanden Berk et al. 2001 ) to avoid PSF-color artifacts. Since the WFPC2 frame of the system was created by combining 3 dithered exposures, the modeled PSF does not take into account convolution effects. Nevertheless, as shown in the next subsection, the WFPC2 data is not used to obtain any acute lensing constraints (e.g., astrometric parameters), but only the photometry of the objects, which is not significantly affected by convolution effects.
The ACS PSF exhibits far greater temporal and spatial variations than the WFPC2 PSF. To obtain an accurate PSF model, we referred to Rhodes et al. (2006 Rhodes et al. ( , 2007 , which contains a statistical study that yields a measure of the focus value f (to a micro-metric accuracy) of the different COSMOS ACS exposures. Using this information for the ACS exposure of COSMOS 5921+0638 ( f ∼-4.5µm) we applied the idl/tinytim procedures presented in Rhodes et al. (2006) 4 to generate PSF models, in particular choosing those in the location of the CCD where the system is located. The PSF was created by assuming a single monochromatic slice at λ=8140Å (central wavelength of the F814W band). 
The light-profile fitting
The lensing galaxy was fitted by a de Vaucouleurs profile (de Vaucouleurs 1948) . The parameters that define this profile are: the effective radius (or half-light radius, R e f f ), the central position, the ellipticity (defined as e= a−b a ; a: semi-major axis and b: semi-minor axis), the position angle (PA, defined in degrees measured from north to east), and the magnitude.
The four point-like images were parameterized as point sources, which have central positions and magnitudes as free parameters. Because of the lower resolution of the WFPC2 observations, the parameters that define the de Vaucouleurs profile were fixed to those obtained with the ACS fitting (with the exception of the magnitudes and central positions). In both cases, the background was fixed to the median value of empty regions selected in the field. The fitted light profiles and residuals are displayed in Fig. 7 . The parameters obtained for the galaxy are summarized in Table 3 and the photometry of the point-like images is presented in Table 4 . Additionally, Table 5 shows the flux ratios, with respect to the bright image B, derived from these magnitudes. The fitted positions of the different objects in the system are displayed in Table 6 . Since the most accurate fit was obtained for the ACS exposure, we quote and use throughout the rest of this paper the astrometry obtained with this observation.
The error bars provided by galfit are based on the assumption that there has been a perfect fit to the data (i.e., χ 2 =1), which is not the general case. Hence, to obtain error bars for the different parameters of the fit, we created 500 Monte Carlo realizations for each of the HST frames and inferred the uncertainty from the scatter in the galfit results. These errors are in close agreement with those shown by a single galfit fit on the ACS data, but in the WFPC2 data, where the fit of the lensing galaxy is not as good, the errors delivered by galfit are slightly underestimated.
We attempted a light profile fitting of the ground-based observations. However, due mainly to the large PSF in these obser- 
The neighborhood of COSMOS 5921+0638
Before developing a mass model of the lens, we considered the influence of secondary structures along the line-of-sight to the source that could perturb the properties of the lensing system. For this purpose, we use the zCOSMOS optical group catalog (Knobel et al. 2009 ). The catalog, created using spectroscopic information from the zCOSMOS redshift survey, contains 800 galaxy groups. They can be characterized by different quantities among which the "fudge" virial mass and the "fudge" virial velocity are the most useful for our purposes. The "fudge" quantities are obtained using the group richness and redshift as a means of obtaining the virial velocity and mass, adopting the observed relation between these and the mock catalogs created from numerical simulations for the COSMOS field. For a detailed discussion of the fudge virial mass we refer to Knobel et al. (2009) (the procedure to obtain the fudge virial velocity is analogous).
To study the gravitational influence of the optical groups on COSMOS 5921+0638, we selected the 21 groups located in a circle of ∼5 ′ radius (or 2 Mpc at redshift z=0.551) centered on COSMOS 5921+0638 (see Fig. 8 ). The location and redshift of the 5 galaxies at redshift z≈0.35 obtained with the FORS1 observations (see Sect. 3.2), coincides with the most massive group selected (ID: 20 in the original catalog). This massive galaxy group at redshift z=0.354 is the only one in our selection that has also been identified in the X-ray regime (Finoguenov et al. 2007) .
Using the central position and mass (or velocity dispersion) of the 21 groups selected, we evaluate κ and γ at the position of the lens using three different assumptions for the mass profile of the groups: (i) point mass, (ii) singular isothermal sphere (SIS) and (iii) truncated isothermal sphere (TIS). To project the κ and γ values of the different foreground and background groups (ob- Fig. 8 : The 21 groups from the zCOSMOS optical group catalog around COSMOS 5921+0638, displayed as circles. The relative sizes of the circles scale with the "fudge" velocity dispersion. The lensing galaxy is displayed in the center as a square. In the top panel, the groups are projected onto the observer's plane as empty circles for reference. The middle and bottom panels additionally show the redshift distribution in right ascension and declination, respectively. tained with each mass profile assumption) to the redshift of the lens, we used the methodology described in Keeton (2003) (see also, Momcheva et al. 2006) . The point mass model assumes a singular total mass (which we selected as the virial mass), thus, there is no surface mass density outside the singularity and we can only observe the tidal shear γ produced by this singularity. Assuming a singular isothermal sphere (SIS) profile for the groups, we can observe both the convergence and the shear (which are equivalent in this profile). Nevertheless, since the total mass of the SIS profile diverges, the values of κ derived with it are certainly overestimated far from the center of each group. Truncating the profile eliminates this issue (TIS profile). The virial radius of each group was chosen for this truncation.
By adding the individual κ and γ values (or their vector sum in the case of the shear) of the 21 galaxy groups, we can determine the net influence of the environment (see Table 7 ). As expected, the total environmental convergence κ produced by the groups, assuming a point mass potential, is zero. Assuming a SIS profile, we observe a total convergence κ=0.062, and for the TIS profile, a much smaller κ=0.010. From the latter, we can see that • the total κ contribution is negligible. However, it is important to remark that because the total convergence is a sum of positive scalar values, incompleteness in the catalog (i.e., unidentified or partially identified galaxy groups) leads to an underestimation of this value. On the other hand, the total external shear is a vector sum, thus, incompleteness in the catalog may lead to an underor overestimation of the value. As a result, a smaller effect on the total sum of the shear would be observed (even though its direction can be compromised). Additionally, since shear is produced by tidal "pulls" from the mass distribution, the choice of potential profile does not have a large influence on the final result. As the total shear shown in Table 7 is comparable to the same order of magnitude as the variance expected by cosmic shear, the γ contribution exerted by the zCOSMOS groups in the catalog also cannot produce significant perturbations to the lens potential in COSMOS 5921+0638.
The mass modeling of the lens
To confirm the lens nature of the system and determine its mass distribution, we perform mass potential modeling of the lens by developing two types of mass models, grid-based and analytical. The grid-based models have the advantage of making no assumptions about the mass density profile of the lens. On the other hand, the analytical mass model, assumes a particular type of mass density profile, but provides information about the lensing galaxy that can be compared to observational quantities. In all models, we assume that the lens plane is at z l =0.551 and that the source plane is at z s =3.14.
Grid-based mass model
The pixelens code (Saha & Williams 2004) 5 provides a gridbased mass model of the lens using the observed image positions as constraints. A requirement of the minimization is that the arrival time order of images is known. If incorrect image orders are entered, the model will either not converge or the fitted time-delay surface will determine critical points in locations not occupied by images of the background source. With this constraint, by trial and error, we can obtain the correct time delay order of the images (and the type of singularity on which they are placed), which in this case was: C(minimum) →A(minimum) →B(saddle) →D(saddle). Using this order, we obtain a pixelated profile for the lens. The time-delay contours for the correct image order are shown in Fig.  9 (top left panel) .
We tested two models, a first model without any external shear and a second model with external shear. In grid-based modeling, the mass profile is free and a non-symmetrical mass distribution is inferred from the fit. However, by dividing the mass distributions into symmetrical and non-symmetrical components (as shown in Fig. 9 , lower panel), we can see that the non-symmetric residual is rather small (for both models). For the model without an external shear, we obtain a mass profile with a slightly larger ellipticity than that of the observed light distribution of the galaxy. Additionally, the position angle of this mass distribution appears to be larger than 45
• (compared to the 27.3
• observed position angle of the light distribution). The amount of non-symmetrical mass in the mass profile accounts for approximately 10% of the total mass.
The model with an external shear (shown in Fig. 9 ) shows an ellipticity similar to that of the observed light distribution with a position angle that is also similar to the observed one. In this case, the non-symmetrical residual of the mass distribution accounts for only 7% of the total mass. It is therefore plausible that, even though small, the contribution of an external shear is required to model the system. We note that, although the contribution from the asymmetrical part of the mass profile located south west of the center of the lens galaxy is low, this may be indicative of some kind of substructure within the lens.
In both grid-based fits (with and without external shear), because of the steepness degeneracy (e.g., Falco et al. 1985) , having as constraints only the position of the images (lying on a ring) and a low ellipticity, the slope of the profile is very degenerate (see Fig. 10 ). Nevertheless, the total mass inside the Einstein radius (0.71 ′′ or 4.5 kpc at the redshift of the lensing galaxy) is well defined and equals M R E =1.2×10
11 M ⊙ in the cases with and without external shear.
Time-delays for both models are relatively similar but have large error bars. They are of the order of half a week for the longest delay (C to D) and of the order of a couple of hours for the shortest (A to B).
Grid-based modeling (Saha & Williams 2004 ) provides insights on the mass distribution of the lens and a familiarization with the system. However, being grid-based, it naturally has 
∼100
0.3 enormous freedom in defining the mass profile and does not allow a quantitative comparison with observations. The final pixelated maps reflect the highest probability model from the ensemble of models tested (100 in our case).
Analytical mass model
To obtain quantitative information about the mass model parameters and compare this with the information obtained by pixelens, we attempt to develop an analytical model of the system using lenstool 6 (Kneib 1993) . lenstool does source and image plane parameter based χ 2 minimization using a Bayesian algorithm (prior based minimization) and a Markov Chain MonteCarlo (MCMC) process that samples the probability distribution by random variation of the parameters. This parameter space scanning, prevents the minimization being trapped in local χ 2 minima and allows a very robust result with minor speed tradeoff. The details of the algorithm and the underlying statistics are described in Jullo et al. (2007) . For our mass models, we apply the image plane minimization algorithm and use the observed positions of the AGN images as constraints, with a conservative error of ∆=0.01
′′ . This error accounts for imperfections in the lensing galaxy's position fit because of the overestimation of the flux in its central cusp.
Constraining the galaxy's central position, ellipticity, and position angle to be the observed values and fitting a singular isothermal ellipsoid (SIE) yields a poor fit to the data (χ 2 ν ≈100), as expected from the results of the grid-based modeling.
When we add an external shear to our SIE model, we obtain far more accurate results (as displayed in Table 8 and Fig. 11 ). Figure 11 shows the comparison between the observed AGN image locations (asterisks) and the "best fit" image locations (triangles). These "best fit" image locations come from the mapping of the average location of the minimized source position. The zoom in the bottom panel, allows us to see the position of the source with respect to the caustics produced by the mass poten- tial. The total mass within the Einstein radius matches the value inferred by the grid-based mass model (M R E ≈1.2 × 10 11 M ⊙ ). As seen in Table 8 , the model needs to include a small external shear (γ=0.038) to reproduce the observed image configuration. The small strength of this shear is compatible with us not observing a strong influence from the environment. Nevertheless, its strength is somewhat larger than that implied by the group analysis. This may be indicative of: i) a misalignment between the light and the mass distribution of the lensing galaxy, ii) a contribution from individual galaxies close to the main lensing galaxy, and/or iii) a more complex description of the lens potential (e.g, non-isothermal slope or a misaligned dark matter halo). A misalignment between the light and mass distribution in this case is not a likely explanation since the model does not provide a good fit even when the ellipticity or position angle of the mass distribution are allowed to vary (±10
• with respect to the position angle of the light distribution; see Keeton et al. 1997) . We also examined the degeneracy between the ellipticity of the mass distribution and the external shear. To achieve this, we scanned the χ 2 surface produced when these parameters are allowed to vary (in addition to the velocity dispersion, and central position), while the position angles of the mass profile and external shear are fixed to their observed and best-fit model values, respectively. Figure 12 illustrates the clear degeneracy between these two parameters, as the necessary strength of the external shear decreases as the ellipticity of the mass profile decreases. However, the best-fit model value for the ellipticity (e≈0.13) remains consistent with that measured from the light profile of the lensing galaxy (e=0.148), and a shear of strength γ 0.01 is required at 99% confidence. Regarding the contribution from individual galaxies, at the time being, there is no spectroscopic measurement of the immediate neighbors. Nevertheless, the three brightest and closest neighboring galaxies (<6 ′′ in projection to the observational plane) are aligned in an ∼105
• east from north direction, in close agreement with the modeled external shear. Their photometric redshifts indicate that they are not within the same plane as the main lensing galaxy (z 1 =1.1, z 2 =0.8 and z 3 =1.2). Assuming singular isothermal sphere profiles for these three galaxies and projecting their contribution (from their respective photometric redshifts) onto the lens plane (at z l =0.551), they could reproduce the required external shear if they each have velocity dispersions of σ∼300 km s −1 . Even when velocity dispersions of that or- der have been measured in galaxies, the low brightness of these candidates (m I,1 =24.1, m I,2 =23.2 and m I,3 =24.5), makes it an unlikely possibility in these cases.
By considering an analytical model, different properties of the system can be checked both in the lens and the source plane. The fit of the potential can be used to measure the values of convergence (κ), shear (γ), and, thus, the magnification (µ) expected at different positions in the lens plane. With these modeled magnification values at the position of the images, we can then infer the expected flux ratios for the different images. The κ, γ, and µ values and the flux ratios (with respect to image B) of the different images are displayed in Table 9 . Comparing these modeled flux ratios with the observed ones (see Table 5 ), we can see a discrepancy. The possible explanations of this discrepancy are discussed in Sect. 7.
The magnification values displayed in Table 9 can also be coupled with the measured photometry of the individual point-like images (Table 4 ) to obtain an estimate of the intrinsic brightness of the background source. With this, we obtain an approximate absolute magnitude of the source of: M 606W ∼-17.5 and M 814W ∼-18.0. Even though these values are the median of the absolute magnitudes (with no k-correction) obtained for each image, which are affected by uncertainties related to flux ratio anomalies and the assumption of a SIE mass profile, they reflect the low luminosity nature of the source AGN (LLAGN; e.g., Storchi-Bergmann et al. 1995; Bower et al. 1996; Cid Fernandes et al. 2004 ).
Mass-to-light ratio
As shown previously, theoretical mass modeling (both grid based and analytical) can provide an accurate estimate of the total mass enclosed within the Einstein radius. Using aperture photometry within this Einstein radius (i.e., θ E =0.71 ′′ ), we also measured the amount of light enclosed within it, to compare it with the enclosed mass. This measurement was performed on the fitted galfit de Vaucouleurs profile, to avoid the contribution from lensed images.
We measured an ACS F814W aperture magnitude of 20.88 for the lensing galaxy. Using a k-correction of 0.45 for an elliptical galaxy at redshift z=0.55 in the F814W filter and an absolute solar magnitude of M ⊙ F814W =4. Fukugita et al. (1995) Keeton et al. (1998) for the mass-to-light ratio within the Einstein radius of 10 elliptical lens galaxies (M/L B ≈10 for galaxies at redshift z∼0.55).
Anomalous flux ratios
From the observed flux ratios shown in Table 5 Additionally, comparing the theoretical flux ratio values (Table 9 : A/B=0.70, C/B=0.46, and D/B=0.21) with the observed flux ratios (Table 5) , a disagreement can be seen. Even more generally, any symmetric model that we choose for the lens potential, expects images A and B to be the brightest images. They are the merging images of the lensing system and, consequently, the images with the highest magnifications. However, this is not the observed case, since image C is as bright as image B and brighter than image A in the ACS observations. Several phenomena can explain the flux differences between the lensed images from different bands and different epochs and their comparison with theoretical expectations, such as: galactic extinction, substructure, intrinsic variability of the background source, or microlensing (e.g., Anguita et al. 2008a; Yonehara et al. 2008) : -Galactic extinction: Galactic extinction is a static phenomenon (on human timescales) in which dust in the lensing galaxy absorbs the blue light originating in the background source images. This implies that lensed images located behind different column densities of dust appear to have color perturbations, in particular, those behind a larger dust column densities would appear redder. For this particular system, we obtain F606W-F814W colors of: 0.18, -0.02, 0.30, and 0.31 for images A, B, C, and D, respectively. In terms of the galactic extinction interpretation, there would be less dust accumulated over the projection of the lensing galaxy in the location of image B than in the others. Assuming galactic extinction (Cardelli et al. 1989) with R v =3.1, a differential column density of ∆N H ≈1.8 × 10 21 would be required to explain the color difference between the anomalous images C and B (∆ F814W−F606W =0.32). -Mass substructures: In a similar way to galactic extinction, mass substructures can produce static anomalies in the measured flux ratios. A galaxy with mass substructures (of the order of 10 6 ∼10 10 M ⊙ ), i.e., non-symmetrical luminous or dark matter components, or even unseen satellite galaxies, might modify the lensing potential, particularly the flux ratios (Kochanek & Dalal 2004 ). In the case of COSMOS 5921+0638, even though it is small, the gridbased model of the lens shows a non-symmetric part of the distribution, which might be a hint of substructure in the lens. This phenomenon could explain, for example, the anomalously bright image C. However, because of the chromatic variation seen in the flux ratios, it cannot explain by itself the observed flux anomalies. If substructures and galactic extinction are responsible for the flux ratio anomalies, additional observations of the system should not display brightness and color variations with respect to the present data set. -Intrinsic variability: AGN vary their brightness over periods of years, months, weeks, and even days, usually becoming bluer as they become brighter. Unfortunately, the HST observations, although taken in different filters, are also taken at different epochs, which causes degeneracies in the interpretation of the chromatic effect. As the AGN images are separated between each other by time-delays (of the orders of hours to half a week, according to the mass modeling), the intrinsic variation of the AGN should be on timescales shorter than these to be able to see the anomalously bright image C, brighter than the close pair A and B. This is unlikely because quasars (statistically) require timescales of the order of years to produce brightness variations of ∼0.1 magnitudes (for more details, see the structure function calculations of Vanden Berk et al. 2004) . Even if short timescale variability was occurring in this system, these rapid brightness fluctuations imply that it is unlikely after a period of 4 years, that slightly different flux ratios, although the same overall brightness order, are observed. -Microlensing: Microlensing is also a temporal phenomenon in "macro"-lensed AGNs. In this case, stars in the lensing galaxy produce an additional (de)magnification of the "macro"-lensed images of the source. Because of the projected location of the background source images in the lensing galaxy, microlensing is expected in this system. Much like intrinsic variability, (de)magnification by microlensing, in the general case, produces a blue excess: the blue emission from the background source originates in a smaller region, therefore, it is more effectively affected than the outer regions. As before, since the observations in different bands are taken at different epochs, no strong conclusions can be made from the chromatic point of view. The main difference with intrinsic variability/time-delay induced anomalies, is that in microlensing, there is no correlation between the multiple AGN images. Additionally, the projected velocities of the stars in the lensing galaxy, the lensing galaxy itself, and the background source set the microlensing timescales to be of the order of months to decades, compatible with the observed variations. For the microlensing interpretation, and considering that the measured flux in image C is higher than expected (with respect to image B), the flux anomaly that we observe is caused either by: (i) microlensing magnification of the flux from image C, mainly during the observations from 2004, (ii) de-magnification of image B in 2004, (iii) magnification of image B during the 2008 observations, or (iv) a combination of all phenomena. As image B is located on a saddle point (i.e., κ + γ > 1), its de-magnification due to microlensing is more likely than for the other images (Schechter & Wambsganss 2002) , which supports the second interpretation. In any case, since the four lensed images are located in regions of similar optical depth, variations in the brightness of all images should be seen in time.
Summary and conclusions
We have studied in detail the gravitationally lensed system candidate COSMOS 5921+0638 discovered in the COSMOS field (Faure et al. 2008) . Using data derived from the COSMOS observational dataset plus additional HST-WPFC2 and VLT-FORS1 observations, we have obtained spectroscopic, astrometric, photometric, and morphological parameters of the objects in the field. The FORS1 observations allowed us to measure the redshifts of 10 galaxies in the field of COSMOS 5921+0638, including the central galaxy of the system at z=0.551±0.001. Coupling different criteria with the observations available, we conclude that this galaxy is lensing a background AGN and its host galaxy located at a tentative redshift z=3.14±0.05. We have estimated the lensing contribution of the environment to the lensing system using the zCOSMOS optical group catalog. We have assigned different spherical mass profiles to the groups, constrained by their virial mass estimates. The analysis yields as a result a low environmental contribution at the lens position (κ groups ∼0.01 and γ groups ∼0.005). It is important to note that this analysis strongly depends on the completeness of the optical group catalog because the contribution from single undetected groups may influence the results. Furthermore, the individual group mass estimates in the catalog may be underestimated if the full mass structure of individual groups has not yet been identified. The forthcoming release of zCOSMOS 20K sample will allow us to address these issues in detail.
We have investigated the mass profile of the lensing system using strong lens modeling, both grid-based and analytical. Both types of modeling require a small but non-negligible external shear (γ=0.038±0.002) to reproduce the images' configuration. This presence of external shear cannot be fully explained by perturbations caused by either galaxy groups in the zCOSMOS optical group catalog or by realistic M/L ratio galaxies in the surroundings of the system. The requirement of this external shear may therefore be indicative of incompleteness in the environmental information we have at hand (i.e., incomplete identification of the structure of the groups), the need to consider more complex mass potentials (e.g., a non-isothermal slope or a misaligned dark matter halo), a contribution from undetected individual galaxies, or a combination of any of these possibilities. In a forthcoming paper (Faure et al. 2009 ), we investigate the dark matter halo alignment with the light profile for the rest of the COSMOS sample. In any case, for COSMOS 5921+0638, both measured and modeled external contributions to the potential are quite small; thus, the mass of the galaxy inside the Einstein radius has a low environmental contamination, making this system an interesting candidate for follow-up high resolution spectroscopical observations to measure the kinematics of the galaxy inside the Einstein radius.
The lens modeling of COSMOS 5921+0638 shows timedelays of the order of hours to days between the different images and a total magnification of µ≈150. Comparing the observed brightness of the images with the magnification induced by the fitted mass profile infers the low luminosity nature of the background AGN with an intrinsic brightness of M∼-17.5. Additionally, by comparing the lensing mass with the observed light enclosed within the Einstein radius (∼4.5 kpc), we have inferred a mass-to-light ratio of the lensing galaxy of M/L B ≈8.5±1.6.
Flux anomalies are observed between the different lensed images. With the available dataset, it is impossible to determine a unique reason for these variations. This is mainly because the observations available that can be used to measure accurate pho-tometry for the point-like images are in different bands and at different epochs. This does not allow us to ascertain whether the phenomenon is dynamic or static. With this in mind, our preferred explanations of these incompatibilities are microlensing and/or substructures coupled with differential dust extinction in the lens, with microlensing in general being the most natural explanation of flux ratio anomalies in the optical range.
By completing follow-up observations of the system, either the phenomenon or phenomena responsible for these anomalies could be found and quantified. Multi-band photometry of the system at a single epoch would allow us to measure the color of the different images, free of possible temporal anomalies. In addition, by repeated multi-band observations at different epochs, the possible temporal flux variations could be proven and quantified. If active microlensing is present in this system, the additional resolution power brought by microlensing could infer interesting properties about the background source. If the anomaly is static, a measure of possible substructures and projected dust densities in this lens can be accomplished.
The lensing-induced magnification of the faint high-redshift background AGN in COSMOS 5921+0638 allows us to study the properties of an object that would have otherwise remained undetected in the COSMOS field. Even though low luminosity AGN (LLAGN) are expected to be far more common than high luminosity AGN, only a few of these objects have been observed beyond the local universe.
The small separations and the low brightness of the images of the background AGN in COSMOS 5921+0638 make it an ideal candidate for additional space-based and/or new generation optics ground-based follow-up observations to address the remaining open issues and understand the nature of the background AGN.
